The purpose of the present study was to validate the Functional Shoulder Score (FSS), a new patientreported outcome score specifically designed to evaluate patients with rotator cuff disorders. Methods: One hundred and nineteen patients were assessed using two shoulder scoring systems [the FSS and the Constant-Murley Score (CMS)] at 3 weeks pre-and 6 months post-arthroscopic rotator cuff surgery. The reliability, validity, responsiveness and interpretability of the FSS were evaluated. Results: Reliability analysis (test-retest) showed an intraclass correlation coefficient value of 0.96 [95% confidence interval (CI) ¼ 0.92 to 0.98]. Internal consistency analysis revealed a Cronbach's alpha coefficient of 0.93. The Pearson correlation coefficient FSS-CMS was 0.782 pre-operatively and 0.737 postoperatively (p < 0.0005). There was a statistically significant increase in FSS scores postoperatively, an effect size of 3.06 and standardized response mean of 2.80. The value for minimal detectable change was AE8.38 scale points (based on a 90% CI) and the minimal clinically important difference for improvement was 24.7 AE 5.4 points. Conclusions: The FSS is a patient-reported outcome measure that can easily be incorporated into clinical practice, providing a quick, reliable, valid and practical measure for rotator cuff problems. The questionnaire is highly sensitive to clinical change.
Introduction
Shoulder pain is common and accounts for many working days lost per year in the general population. 1 Rotator cuff pathology is the most common diagnosis, accounting for several million presentations per year. 2 Increasing pressures of the economic climate mean that clinicians must aim to prove that their interventions are clinically effective at minimum financial cost. During the last three decades, a large number of shoulder assessment questionnaires have been developed. 3, 4 Scoring tools provide evidence regarding patients' perceptions of treatment and provide a vehicle to collect data on the effectiveness of intervention over the longterm. 5 Measurement of all the possible effects of a disease or intervention is recommended and more recently the need to report functional outcome has been accepted as being a key part of assessment. 6 Selecting the appropriate outcome measure is a vital component of fully evaluating a procedure or therapy. 7 Shoulder outcome measures may be general, diseasespecific or condition specific. 8 Questionnaires can also be classified into objective questionnaires (assessed by a clinician), subjective questionnaires (patient-reported) or mixed. Questionnaires containing an objective component may have the advantage of recording patient's muscle strength and range of motion but require an experienced examiner and additional equipment to perform tests and are prone to inter-and intraobserver bias. 9 The Constant-Murley Score (CMS) is the most commonly used outcome tool containing objective measurement 10 and has been found to be valid and reliable for a range of shoulder pathologies, including rotator cuff disease. 11, 12 Patient-reported outcome measures (PROMs) allow comparison through quantification of subjective results and have become standard in the reported literature. 5 They have the advantage of being free from examiner bias and are less time consuming to complete for both clinician and patient in a busy practice.
Any method used to evaluate treatment must have been developed appropriately and assessed for acceptability, reliability, validity and responsiveness. 13 Furthermore, reporting a minimum clinically important difference (MCID) is desirable. MCID is the minimum change in a score over time that can be considered to represent a significant change in the patient's clinical outcome and unlikely to be a result of chance. Although several scoring systems are well described, many in use have not been properly tested for these essential attributes and comparison studies are limited by the modification of scales and weighting for statistical analysis, 14 only a few report a MCID value. 5 In addition, few of these outcome tools are validated as disease specific for rotator cuff pathology and as sensitive to surgical intervention. 14 The purpose of the present study was to assess the use of a new patient-reported outcome questionnaire, called the Functional Shoulder Score (FSS), specifically designed to evaluate patients presenting with, and receiving surgical intervention for, rotator cuff disorders. Direct comparison is made with the CMS.
Materials and methods
All patients diagnosed with primary rotator cuff disease who presented to a single shoulder surgeon and subsequently underwent arthroscopic surgical intervention over a 1-year period (January 2009 to January 2010) were included in the present study. Participants were invited to complete the FSS questionnaire and be assessed for the CMS at presentation for anaesthetic pre-assessment (3 weeks pre-operatively) and at 6 months postoperatively in a prospective fashion. All operations consisted of arthroscopic subacromial decompression with or without arthroscopic rotator cuff repair. All procedures were performed either by or under direct supervision of the same surgeon. Patients were excluded if pathology other than rotator cuff disease was felt to be the primary diagnosis (e.g. adhesive capsulitis, osteoarthritis or fracture).
The FSS ( Figure 1) is an 11-item patient-reported subjective outcome questionnaire consisting of two major categories -pain (one question) and activities of daily living (ADLs) (10 questions). Subjects answer each question on a 10-point numeric rating scale, with a lower number always indicating worse pain or greater difficulty in function.
The maximum score of 100 represents the total absence of pain and best possible function. The minimum score of 0 represents the worst possible result. Fifty points are allocated for pain and 50 for ADLs. The final score is calculated by multiplying the value indicated by the patient's answer to the question about pain by 5 and adding this to the half the sum of the total value recorded for ADLs. The FSS takes approximately 3 minutes for a patient to complete. The clinician can calculate the total FSS score in less than 1 minute.
The structure of the FSS was produced using an informal composite qualitative method combining patient opinion, experienced clinician opinion and observation of other validated shoulder scoring systems in use. Particular attention was paid to the questions used on the Oxford Shoulder Score 15 and the Western Ontario Rotator Cuff index 16 because the items on these particular scores were designed on the basis of rigorous qualitative methodology. The aim was to design a scoring system that was simple to use and understand, focused on symptoms that debilitated patient function the most and would be sensitive enough to detect significant clinical change. A score range of 0 (worst) to 100 (best) was chosen because it is intuitive, easy to remember and analogous to the percentage scoring system used in everyday life, such that an individual score would be instantly recognizable to a clinician as a good or poor result. Aligned with this, and to maximize the ability of the scale to detect small clinical differences without detracting from the speed of completion or calculation, scoring responses were graded on a scale of 0 to 10.
In the 8 years preceding the present study, the senior author (AI) had previously incorporated the use of the most popular shoulder specific scoring systems from the UK and North America at various times into a busy shoulder surgery practice as a means of auditing surgical results. The questions that appeared to be most discriminatory for the shoulder function of patients with rotator cuff disease were noted. Patient feedback was garnered on an often and anecdotal basis as to which questions they felt to be most relevant and important. Based on these factors, it was decided to incorporate 11 items into the questionnaire. Pain is widely acknowledged to be by far the most important assessment factor in several shoulder outcome measures. 10, 17 This was consistent with the experience from our clinic and hence the reported pain score on the FSS is multiplied by five to give a maximum score of 50. The remaining ten questions were those felt to be most relevant to activities of daily living specific to shoulder function in the specific subset of patients with rotator cuff disease.
The CMS is a mixed subjective and objective 100point scoring system in which 35 points are derived from the patient's subjective report of pain (15 points) and questions pertaining to function of activities of daily living (20 points). The remaining 65 points are allocated by measurement of range of motion in forward flexion, abduction, external and internal rotation (40 points) as well as strength of resisted abduction in the plane of the scapula (25 points). In the present study, measurements of range of motion and strength were taken in accordance with the originally described method, 10 which has been subsequently recommended by the European Society of Elbow Surgeons. 18 To assess the strength component patients were asked to abduct their shoulder in the scapular plane against a spring balance attached the forearm and anchored to the floor on five separate occasions. The mean recorded lift (kg) was calculated and compared with the mean recorded lift noted for the asymptomatic contralateral side. This modification of the CMS has been previously used and validated to allow a relative strength component to be calculated using the other shoulder as a comparator assumed to be normal for that individual. 19 Separate to the items required for the FSS and CMS, participants were also required to complete an 'improvement scale' pertaining to overall change in the qualitative status of their shoulder after surgery ( Figure 2 ). Patients could indicate whether their shoulder was 'much better', 'better', 'same', 'worse' or 'much worse'. This was included to allow patients to grade their impression of their own clinical status after surgery and, for purposes of statistical analysis, was considered to be the external criterion for a change to be clinically important.
Patients were consented to take part in a study comparing two shoulder outcome measures. A patient-completed questionnaire was administered to participants combining all elements of the FSS, the subjective aspect of the CMS and the satisfaction score (postoperatively only). Patients completed the questionnaire independently of clinician assistance. Preoperatively the questionnaire was administered by a nurse in the pre-assessment clinic and this was followed by objective assessment of the CMS by an orthopaedic surgeon in training (CP). Postoperatively both subjective and objective components were administered by the trainee surgeon. This was following, and independent from, patient consultation with the senior operating surgeon at 6-month outpatient review. In accordance with our institutional policy, all patients attending clinic with poor grasp of the English language were accompanied by an interpreter who provided translation where required.
To assess test-retest reliability 40 patients were asked to complete the FSS at home immediately following initial assessment and return their completed questionnaire on the day of surgery 3 weeks later.
Statistical analysis
SPSS, version 13.0 (SPSS inc., Chicago, IL, USA) was used for statistical analysis. p < 0.05 was considered statistically significant.
Factor analysis. To confirm the usefulness of the structure of the 11-item FSS, a principal component factor analysis was conducted. Factor analysis is a statistical procedure that mathematically describes the correlations between a set of items arising from underlying common factors. Exploratory factor analysis (EFA) is useful to identify the most important variables when designing a collection of questions to measure a particular topic. 20 Here, it was used to identify the underlying relationships between measured items and their variance with respect to overall score. Factor loadings were calculated to indicate the strength of impact of each item on the overall score.
Reliability. Reliability is the overall consistency of a measure. A measure is said to have a high reliability if it produces similar results under consistent conditions. In the present study, we assessed reliability by determining internal consistency and test-retest reliability.
Internal consistency was determined by calculating Cronbach's alpha coefficient from all scores. A higher alpha value (range 0.0 to 1.0) indicates a consistent scale that measures a single underlying variable. 21 Test-retest reliability was used to examine reproducibility over time and was assessed by comparing the answers of a subset of 40 patients at two distinct time points prior to surgery. These data were examined by calculating Pearson's correlation coefficient and Kendall Tau-b. Furthermore, relative reliability, the degree to which individuals maintain their opinion in a sample with repeated measurements, was evaluated using intraclass correlation coefficient (ICC) (i.e. the error in measurements as a proportion of the total variance). Because this coefficient does not correct for systematic differences and agreement by chance, the scores of the two assessments were also tested for systematic differences by using the Paired t-test.
Construct validity. The validity of an instrument concerns its ability to measure what it was intended to measure. The construct validity of the FSS was determined by establishing its correlation to the CMS using Pearson's correlation coefficient. We hypothesized that the patients' FSS would have moderate levels of correlation with the CMS and that this would be consistent with the levels of correlation seen in validation studies of other outcomes tools used in shoulder disorders.
Responsiveness to change. This refers to the ability of an instrument to reflect underlying change in patient status. 7 Here, this was determined using the effect size (ES) and the standardized response mean (SRM) from FSS scores before and after surgery. An ES value greater than 1.0 and SRM greater than 0.8 indicates good responsiveness. 22, 23 Cut-off point. To identify an FSS score that would represent an equivalent to the CMS 'cut-off' score of 70 between a 'good or excellent score' and a 'moderate score', the sensitivity and specificity of different cutoff points for the FSS were estimated from a receiver operating curve using only the postoperative CMS as a gold standard because all pre-operative CMS scores were <70. The areas under the receiver operating curve were calculated with standard error and 95% confidence interval using the maximum likelihood estimation method.
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Interpretability. This refers to the degree to which one can assign qualitative meaning to quantitative scores. 24 This was represented using the standard error of measurement (SEM), the minimal detectable change (MDC) and the minimal clinically important difference (MCID). The SEM provides an estimate of how reliably a scale measures an individual's 'true score' at a single point in time and was calculated with a 90% confidence interval, using an equation based on the Cronbach's alpha coefficient. The MDC is defined as the minimum change of the FSS with which one can be confident that a 'true change' in the patient's clinical status has occurred 25 and is calculated by an equation based on the ICC of the test-retest sample.
The MCID is defined as the minimal change in the score that is considered to be worthwhile or important, 26 and is traditionally difficult to calculate. 5 In this instance, the MCID was calculated by taking the mean change score of everyone who reported changing one increment on the qualitative improvement scale. 27, 28 Given that surgery is associated with a positive improvement after 6 months, the MCID can only be calculated by comparing the pre-and postoperative scores of those patients who indicated one positive incremental improvement on the scale (i.e. from 'same' to 'better').
Cook et al. have demonstrated that the error associated with the function subscale of self-reported shoulder scores could vary among different levels of functioning. 29 Therefore, we calculated SEM, MDC, and MCID for three different score ranges, 0 to19, 20 to 39 and 40 to 59 on the overall FSS. We excluded patients with a pre-operative score of over 60 points as this accounted for only five patients and was thus not appropriate for statistical analysis.
Results
Of the patients invited to take part, FSS and CMS scores were collected for 119 patients. The study group consisted of 54 men and 65 women whose average age was 58 years at time of surgery (range 24 years to 92 years; SD 11 years). The dominant arm was affected in 48 patients (40%). Pre-operative diagnosis was made after patient consultation and confirmed with shoulder imaging (either ultrasound or magnetic resonance imaging) where appropriate. Table 1 presents the descriptive statistics obtained for the FSS and CMS pre-and postoperatively. Before operation mean FSS was 28.16 (range 0.00 to 83.50); after operation, this improved to 83.40 (range 46.00 to 100). Manuscript analysis revealed that no question remained unanswered.
Factor analysis
The Kaiser-Meyer-Olkin measure of sampling adequacy showed that the data were suitable for factor analysis. Exploratory factor analysis revealed that question 1 (regarding pain) accounted for 61.04% of the total variance (Table 2) , identifying it as the most important distinguishing question. Factor loadings ranged from 0.59 to 0.89 and most items (80%) had loadings over 0.74.
Internal consistency
Cronbach's alpha for the FSS was 0.933, indicating that the items in the questionnaire measure the same construct with excellent internal consistency. All questions posted values higher than 0.9, suggesting that the items are interdependent and homogeneous in terms of the construct they measure (Table 3 ).
Test-retest reliability
A paired samples t-test between baseline and early follow-up administration of the FSS to a subsection of participants indicated no statistically significant differences (Table 4 ). Furthermore, Pearson's r, Kendall Tau-b and ICC coefficients between baseline and follow-up administration of the test ranged between 0.862 and 0.959 (p < 0.0005) ( Table 4 ), indicating that FSS scores are appropriately consistent over a short 
Construct validity
The FSS demonstrated significant correlation with the CMS, providing evidence of its validation as a tool to measure shoulder pain and dysfunction. Table 5 summarizes this correlation as measured by Pearson's coefficient. The correlation coefficient between the FSS and CMS was 0.782 and 0.737 pre-operatively and postoperatively, respectively (p < 0.0005).
Responsiveness to change
The FSS demonstrated a high sensitivity to detect clinical change in patients after surgical intervention (Table 6 ). There was a statistically significant increase in postoperative score (p < 0.0005). The measured ES and standardised response mean of the FSS (3.06 and 2.80, respectively) were far in excess of the minimum values taken to indicate good responsiveness (Table 7) .
Cut-off point
If the postoperative CMS is taken as the gold standard (cut-off point ¼ 70), a relatively high cut-off point of 86.25 was identified for the FSS, using a receiver operating curve (Figure 3 ). This value is taken as the boundary between a good score and a moderate score with calculated sensitivity of 74% and specificity of 72%. This means that patients with a score of more than 86.25 have a 74% probability of a true good or excellent result, while patients with a score less than 86.25 have a 72% probability of a true moderate or poor result (Table 8 ).
Interpretability
The SEM associated for the FSS was AE7.85 points [based on a 90% confidence interval (CI)]. The MDC at the 90% confidence level was 8.38 points, indicating that if a patient's score falls outside of this range from visit to visit it is likely that a true change in score has occurred. In practical terms this means that if a patient scores 60 at first visit then only a score outside of the range 51 to 69 points would confidently indicate a real score change. The overall MCID for the FSS was 24.7 AE 5.4 scale points. Given the overwhelming improvement in patient scores 6 months postoperatively, it was only appropriate to calculate the MCID for those patients who indicated that they were 'better' after surgical intervention. Therefore the MCID value presented here can only be used to interpret improvement rather than deterioration. Some variation was noted for SEM, MDC, and MCID for the various pre-operative score ranges and the overall results regarding interpretability are presented in Table 7 .
Discussion
The FSS is a short 11-item questionnaire that we recommend is used as a scoring system for patients with shoulder pain after diagnosis of rotator cuff dysfunction. It is intended to be of use to clinicians who wish to compare their patients' shoulder symptoms over time and after intervention. It is easy to use in the busy clinical environment and provides a quick numerical assessment of shoulder function.
The reliability of the FSS is one of its major strengths. The posted Cronbach's alpha value of 0.93 indicates that the items within the scale measure the same construct with an excellent level of homogeneity. For clinical application, Cronbach's alpha values between 0.90 and 0.95 are most desirable. 30 The FSS also demonstrates excellent test-retest reliability, with an ICC of 0.93. This compares well with other shoulder outcome measures with ICC values reported to range between 0.64 and 0.99. 11, 22, 31, 32 The intention was for our patient group to be retested within a 24-hour interval (although scores were not collected until 3 weeks later). We consider that our results would not be different if we had used longer intervals, as other studies have documented. 33, 34 Construct validity of the FSS was supported by good correlation with the CMS when administered in both pre-operative and postoperative phases (Pearson's coefficient 0.782 and 0.737, respectively). A high positive correlation coefficient is desired when the scales examined are, in theory, similar in nature. 35 The advantage of the FSS over the CMS is its ease and speed of use without the need for objective assessment from an experienced clinician.
The present study showed that the FSS is exceptionally sensitive to clinical change, expressed as a high ES of 3.06 and a high SRM of 2.80. Values greater than 1.0 indicate good responsiveness. 22, 23, 36 The FSS appears to be more responsive than other shoulder questionnaires whose reported values range from 0.59 to 1.54. 22, 2, 37, 38 However, this cannot be inferred with complete confidence until a direct comparison is made on the same group of patients on a large scale.
Our results indicate that the SEM of the FSS was AE7.85 scale points (based on a 90% CI). A clinician can therefore be at least 90% confident that the true value for a patient with FSS score reported at 60 points actually falls within a range of 52 to 68 points. The MDC at the 90% confidence level was AE 8.38 scale points. This means that, if the same patient scores 70 points during the reassessment, the clinician can be reasonably confident that the patient has demonstrated true improvement because the change of 10 points is greater than the MDC value of 8.38. We calculated the SEM and MDC of the FSS at three different score ranges. Our results were consistent with those from previous studies in that the error was lower for mid-range scores. 28 Ceiling and floor effects do exist when patients score at the extremes of an outcome measure. 28, 39 A ceiling effect refers to a restricted range for improvement because patients begin at the highest level on the scale. Conversely, in the case of a floor effect, there is a restricted range for deterioration. In the present study, seven patients scored 2 points or below and one patient scored 83.5 pre-operatively. Because the MDC of the FSS is AE8.38, it appears that there is potential for both ceiling and floor effects to exist for a small number of individuals.
It is generally assumed that small differences in the scores of self-reported outcome tools may be statistically significant yet clinically unimportant. 40 Therefore, outcomes research is faced with the challenge of interpretability of the scores. 27, 41 The concept of the MCID has been proposed and refers to the smallest difference in a score that is considered to be worthwhile or important. 40 We were only able to calculate the MCID for those patients who had become at least 'better' after surgery. However, only four of the 119 patients (3%) reported that they were 'worse' or 'much worse'. The MCID for the FSS was 24.7 points and was higher than the MDC. This indicates that the amount of change a patient perceives as important is higher than the amount considered to be statistically significant. One possible explanation for this is that the majority of our patients did extremely well after surgery. They had very low pre-operative scores, postoperatively they were much more satisfied with only 24 patients reported being 'the same' after surgery. A limitation of these results is the relatively small sample size available for MCID calculation. A larger sample size of patients may yield a different MCID. Many studies have shown that retrospective report of change is associated with a larger prospective change for those with more room for change. 40, 42 S Iossifidis et al.
We used the patient's global rating of change (improvement scale) as the criterion for change in the present study. Many studies have used the same or a similar scale as the standard for change in their studies to assess functional status measures. 22, 32, 37, 43 However, the use of a global rating of change has been questioned. 44, 45 The reliability and validity of this global rating of change have not been established and a patient's recall of his previous condition may be inaccurate or biased. 22, [44] [45] [46] Because patient-reported questionnaires and the global rating of change are measures that involve a patient's judgment, the errors of the global rating of change and a self-assessment scale are most likely correlated potentially making the global rating a biased measure of change. 22, 45 However, several studies have provided evidence that the use of a global rating of change has the ability to differentiate changes in clinical status over time. 22, 32, 37, 43 A myriad of instruments exist to measure shoulder symptoms and function. Schmidt et al. recently published the first standardized expert-based evaluation of shoulder PROMs with regard to development process, metric properties and administration issues using the systematic EMPRO (Evaluating Measures of Patient Reported Outcomes) tool. 47 Eleven instruments and 112 articles were included. They found the American Shoulder and Elbow Surgeons shoulder assessment -patient self-evaluation section (ASES-p), Simple Shoulder Test (SST) and the Oxford Shoulder Score (OSS) to be the best rated. Table 9 compares the content and metric data pertaining to the FSS, ASES-p, SST and OSS. The FSS has comparable internal consistency, test-retest reliability and construct validity with the best rated PROMs.
According to our results, it has superior responsiveness compared to published results specific to rotator cuff disease. This can be explained by considering that the FSS has been particularly designed for use in patients rotator cuff disorders, whereas the other instruments are generic for most shoulder pathology including osteoarthritis. Further, the ASES includes two questions expressly pertaining to instability symptoms.
The present study indicated that the FSS has the best value for MDC but the lowest value for MCID. As explained earlier, we consider this to be related to the small number of patients reporting a one category upshift on the improvement scale post-surgery. Furthermore, it is difficult to compare the MCID across studies because the 'improvement scale' used tends to vary greatly with regard to wording and number of items. It is worth noting that the SST has an extremely high MDC value most likely related to its binary yes/no question format and narrow range of scores possible. The FSS has the least items and uses an easily recognizable positively-scored 100point scale, which we consider to be advantageous for the busy clinician especially when compared to the OSS.
We acknowledge that assessment of construct validity could have been strengthened by comparing the FSS with other validated shoulder-specific scores, as well as scores pertaining to more general disability (e.g. Short Form-36 and Euroqol-5D). However the similarity of Pearson correlation coefficients obtained in the present study compared to values obtained in previous studies comparing the SST, 48 ASES, 4 and OSS [49] [50] [51] with the CMS provides surrogate reassurance on this point. No formal qualitative methodology was used in the design phase of the FSS, and this is a common feature with the design of the majority of shoulder scores. 52 However, principal component factor analysis ( Table 2) indicated that all 11 items accounted for significant variance in answer and lends justification to the designated score-weighting of 50 points for the pain item. Although the wording of the questionnaire is deliberately simplistic, and no question remained unanswered, it may have been useful to garner documented formal patient feedback on questionnaire design to refine this before the study started.
At present, the FSS is potentially limited by several factors. We have made no attempt to validate its use in shoulder pathology other than cuff disease and therefore it should be considered as a disease-specific score. We do not recommend its use as a blanket score for all shoulder disease. Accurate use will depend on accurate diagnosis and this may not always be possible on first consultation. Multiple conditions may mimic rotator cuff disease and there is currently no 'gold standard' outpatient test for diagnosis. There may have been patients included in the present study in whom the primary pathology was not rotator cuff disease; however, the overwhelmingly positive improvement following surgery directed towards the rotator cuff on both FSS and CMS would likely suggest accurate diagnosis in the majority. In the clinical environment, a lack of improvement in FSS following surgical intervention should alert a clinician to question the diagnosis. Furthermore, the FSS is only validated to detect change following rotator cuff surgery, as opposed to other interventions such as physiotherapy and steroid injection. However, it should be noted that previous studies have tended to find that SRM and ES values for PROMs tend to be similar across a range of treatments for cuff disease. 52 Further studies to assess the responsiveness and interpretability of the FSS for other interventions are encouraged. Finally, although our institution is situated in a large metropolitan area with a multicultural population, the FSS requires further validation for cross-cultural use and multilingual adaptation.
Conclusions
The present study has provided evidence for the use of FSS as a shoulder specific outcome measure for patients with rotator cuff disorders. The FSS is practical and easy to administer. It is reliable, valid and highly responsive to clinical change, providing surgeons with comparable data for clinical audit and research studies.
